Electrical conductivity and surface tension measurement of sodium surfactants, such as sodium caprylate, sodium laurate, sodium palmitate and sodium stearate, in formamide has been determined at different temperatures. The methods show that micelles are formed in formamide solution. Critical micelle concentration (CMC) has been determined for each of the sodium surfactants. The result show that these surfactants behave as a weak electrolyte in dilute solution of formamide below the critical micellar concentration, and the conductance result can be explained on the basis of Ostwald's formula and Debye-Huckle's theory of weak electrolytes.
Introduction
The study of metallic soaps is becoming increasingly important in technological and academic fields. It has been a subject of intense investigations in the recent past on account of its role in such diversified fields as detergents, softeners, stabilizers, plasticizer, lubricants, cosmetics, medicines, emulsifier, insecticides and water-proofing agents [1] [2] [3] [4] [5] [6] [7] [8] [9] .
Several researchers [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] have prepared transition metallic soaps by treating the fatty acid with the requisite amount of metal oxide or hydroxide in the presence of aqueous to non-aqueous solutions. The critical micelle concentration (CMC) of these soap solutions, both in aqueous and in non-aqueous or in mixture of these solvents at different temperatures were determined using conductometrically and by ultrasonic [19, 20] studied the thermodynamics of dissociation and micellization of metallic soaps in mixed organic solvents to determine physicochemical properties and structures.
The present work deals with the evaluation of CMC values, degree of dissociation (α), dissociation constants (K ), of sodium surfactants (caprylate, laurate, palmitate and stearate) in formamide by conductivity and surface tension measurements at different temperatures. These two methods are used to check the reliability and reproducibility of CMC values. The various aspects of the interaction of these surfactants in formamide during micelle formations are also discussed. Molar conductance at infinite dilution and the determination of thermodynamic parameters for sodium surfactants in formamide by conductivity measurements at different temperatures were also determined. Formamide, a non-aqueous solvent was chosen, because of its relative permittivity of 109.5 and surface tension of 58.5 mNm −1 at 25 ∘ C, has sufficient cohesive force to favor adsorption and micellar aggregation, while its dielectric properties ensure that solutions of ionic surfactants have electrolyte properties closely resembling those of aqueous solutions [9] . Some of the physical properties of water and formamide which influence micelle formation are given in 
Experimental
Formamide was obtained from FLUKA (purity >99%), specific conductance of the formamide at 22 ∘ C was found to be 2 x 10 −7 S cm −1 . For quality assurance purposes, the surface tensions of surfactant solutions are determined using a stalagmometer (TRAUB'S STALAGMOMETER Model 4855). The instrument consists of a straight tube which widens out in the upper part to form a bulb and narrows to a capillary tube in lower part, the open of which is ground smooth. The instrument is calibrated using water and formamide.
All the surfactants used in the present work obtained from FLUKA (purity> 99%), and were used without further purification. Specific conductivities of the solutions were measured at a different temperature using a CRISON Model 225 CONDUCTMETER and a dipping cell with platinum electrodes (cell constant = 0.12 cm −1 ). The reproducibility of the instruments was better than 0.1%, and accuracy was better than 0.2%.
Results and Discussion
Molar conductance, Λ, of sodium surfactant solutions in formamide decreased with increasing concentration and chain length of the surfactants are reported in table II. For each of the surfactant a drop in the molar conductivity is observed at a concentration, to determine the CMC as described elsewhere [23] [24] [25] [26] [27] . The decrease in molar conductivity is attributed to the combined effects of ionic atmosphere, solvation of ions, and decrease of mobility and ionization with the formation of micelles. Similar behavior was observed in using surface tension method (table II) . For calculating CMC, tangents are drawn on the two portions (pre-micellar and post micellar regions) of the plots.
Points of intersection of these tangents give the CMC [23] [24] [25] [26] [27] . The CMC values by these methods are reported in This behavior suggests that the surfactants form micelle in formamide. It was also observed that the higher the chain length of the surfactant, the lower the solubility of CMC for these surfactants in formamide is lower than in water at 22 ∘ C 28−32 . As mentioned earlier, the dielectric constant of water is lower than the dielectric constant of formamide, and the dipole moment of formamide is twice that of water.
It seems that dielectric constant plays a more dominant role in CMC formation than dipole moment. The ionization of the surfactants in formamide is higher than in water because formamide has a higher dielectric constant. Therefore, there is tendency of forming micelle at a lower concentration. The CMC for these surfactants in formamide
shows that sodium surfactants behave as weak electrolytes in dilute solutions, and the extended Debye-Huckel-Onsager equation is not applicable to these surfactant solutions.
The probable mode of dissociation of surfactants in formamide can be represented as follows:
Where α is a degree of dissociation of surfactants. The dissociation constant K can be written as:
Since ionic concentrations are low and interionic effects are almost negligible in dilute solutions, the solutions of surfactants do not deviate appreciably from ideal behavior, and the activities of ions can be taken as almost equal to concentrations.
The degree of dissociation, α, may be replaced conductance ratio Λ/Λ ∞ , where Λ is the molar conductance at finite concentration and Λ ∞ is the limiting molar conductance at infinite dilution. By substituting the value of α and rearranging equation (1) can be written as follows
The values of K from table V were calculated from the slope (K Λ 2 ) and intercept However, the decrease in the values of dissociation constant with increasing temperature indicates the exothermic nature of the dissociation of sodium surfactants in formamide.
The heat of dissociation, ΔH , for sodium surfactants is determined with the following equation 
The The values of change in free energy, ΔG and entropy, ΔS per mole for the dissociation process are calculated by using the relationships:
The plot of log vs. 1/ for sodium surfactants in formamide at 25
The calculated values of ΔG and ΔS are shown in Table VI . The thermodynamic parameters indicates that the negative values of ΔG , and positive values of ΔS for the dissociation process (Table VI) show that the dissociation process is a non-spontaneous occurrence physicochemically for sodium surfactants(caprylate, laurate, palmitate and stearate) in formamide.
However, as can be seen in table VI, the values of change in free energy, ΔG increased with increasing temperature whereas the values of entropy, ΔS decreased.
Since the solute ions are aggregated to form the colloidal particles as micelles near the CMC value and after the CMC the micellization process is replaced the dissociation process, the negative changes of entropy may be obtained below the CMC value.
According to our previous work [23] [24] [25] [26] [27] show that the micellization process is favored over the dissociation process and the micellization is spontaneous occurrence but the dissociation is non spontaneous.
Conclusion
The results of conductivity and surface tension show that sodium surfactants in formamide behave as weak electrolytes in dilute solutions below CMC. The results also confirm that there is a significant interaction between surfactant and solvent molecules. The conductivity results show that the thermodynamics of dissociation and association can satisfactorily be explained in the light of phase separation model.
The results showed that the micellization process is predominant over the dissociation process and sodium surfactants behaved as weak electrolyte in organic solvent.
